Sixteen strains of Escherichia coli serogroup 0115 isolated from piglets with diarrhea were examined for mannose-sensitive or mannose-resistant hemagglutination (MSHA or MRHA, respectively) Strains of Escherichia coli have been associated with a wide variety of syndromes in animals and humans. These include the enterotoxic, enterotoxemic, enteroinvasive, and enteropathogenic enteropathies, urinary infection, meningitis, and septicemia. Fimbriae (pili) play an important role in the pathogenesis of enterotoxigenic E. coli diarrhea. They facilitate the attachment to and colonization of the small intestine by enterotoxigenic E. coli. A limited number of antigenically different fimbrial adhesins have been shown to be associated with diarrhea (13). Each adhesin results in a specific pattern of mannose-resistant (MR) hemagglutination (MRHA) against erythrocytes of different animal species (6). In newborn piglets and calves, the adhesins F4, F5, and F6 (K88, K99, and 987P) and "F41" have been described to date (13, 27) . Of these adhesins, only F6 has not demonstrated MRHA (13). MR hemagglutinating fimbriae also have been found on E. coli associated with urinary tract infections in humans (27) . In addition, a high proportion of E. coli strains isolated from such extraintestinal sources as cerebrospinal fluid, urine, and blood carry MR hemagglutinins (4, 11, 25) . The majority of pathogenic and nonpa,thogenic E. coli strains also express the Fl (type 1) common fimbrial adhesin which causes a mannose-sensitive (MS) hemagglutination (MSHA) of erythrocytes from various animal species (6, 27).
Strains of Escherichia coli have been associated with a wide variety of syndromes in animals and humans. These include the enterotoxic, enterotoxemic, enteroinvasive, and enteropathogenic enteropathies, urinary infection, meningitis, and septicemia. Fimbriae (pili) play an important role in the pathogenesis of enterotoxigenic E. coli diarrhea. They facilitate the attachment to and colonization of the small intestine by enterotoxigenic E. coli. A limited number of antigenically different fimbrial adhesins have been shown to be associated with diarrhea (13) . Each adhesin results in a specific pattern of mannose-resistant (MR) hemagglutination (MRHA) against erythrocytes of different animal species (6) . In newborn piglets and calves, the adhesins F4, F5, and F6 (K88, K99, and 987P) and "F41" have been described to date (13, 27) . Of these adhesins, only F6 has not demonstrated MRHA (13) . MR hemagglutinating fimbriae also have been found on E. coli associated with urinary tract infections in humans (27) . In addition, a high proportion of E. coli strains isolated from such extraintestinal sources as cerebrospinal fluid, urine, and blood carry MR hemagglutinins (4, 11, 25) . The majority of pathogenic and nonpa,thogenic E. coli strains also express the Fl (type 1) common fimbrial adhesin which causes a mannose-sensitive (MS) hemagglutination (MSHA) of erythrocytes from various animal species (6, 27) .
Strains of E. coli belonging to serogroup 0115 have been associated with severe catarrhal to hemorrhagic enteritis and septicemia in calves and pigs (14, 15, 26) . Results of our preliminary work (unpublished data) has suggested that * Corresponding author. certain strains of this serogroup colonize the ileum of naturally infected piglets but do not produce any of the known fimbrial adhesins F4, F5, F6, or F41.
Thus, the purpose of this study was to investigate the possibility that a previously undetected fimbrial adhesin is produced by strains of this serogroup. We fqund that nonenterotoxigenic strains of this serogroup produce an MR, hemagglutinating fimbrial antigen which we designated "F165."
MATERIALS AND METHODS
Bacterial strains. A total of 16 encapsulated, nonhemolytic strains belonging to the serogroup O115:K"V165" were examined. These strains were isolated at the Faculty of Veterinary Medicine, St-Hyacinthe, from the intestinal contents of diarrheic piglets (age, 1 to 3 weeks) and were stored at -70°C until this investigation was carried out. Each strain originated from a different farm. The strains were serotyped with antisera for the E. coli OK serogroups as described previously (24) . In addition, the E. coli K-12 Production of antisera. Antisera against the fimbrial antigens F4, F5, F6, and F41 were prepared in rabbits. Immunization was carried out by method 1 for the production of E. coli OK antisera (7) with strains K-12:F4, K-12:F5, 603A, and B41MC. The K-12:F4 and K-12:F5 antisera were absorbed with the parent nonfimbriated K-12 strain. The 603A and B41MC antisera were absorbed with the homologous nonfimbriated strains grown at 15°C. These antisera were considered to be specific for the respective fimbrial antigens and were used in an indirect immunofluorescence test strains, belonging to hemagglutination patterns III and IV, were enterotoxin positive. Demonstration of fimbriae by electron microscopy. The four strains of patterns I and II, which were F165-positive and MRHA positive for sheep erythrocytes, were flagellated and highly fimbriated when grown either on Minca-Is or in TSB (Table 2) . On the other hand, the strains of patterns III and IV, which were F165 negative and MRHA negative and mostly MSHA positive, were usually fimbriated when grown in TSB but were nonfimbriated or poorly fimbriated when grown on Minca-Is. Eight of these strains were flagellated. The fimbriae on the MRHA-positive bacteria grown on Minca-Is were long and straight and had a diameter of approximately 6 nm (Fig. 1) . When grown on Minca-Is at 15°C, strains of hemagglutination patterns I and II were MRHA negative and F165 negative as demonstrated by agglutination and immunofluorescence, flagellated, and nonfimbriate.
Characterization of the fimbriae produced by strain 4787. The purified fimbriae from the F165-positive, MRHApositive strain 4787 resembled those observed on the bacterial cells of the same strain (Fig. 2) . Their width varied from 5 to 8 nm. The purified fimbrial preparation demonstrated the same hemagglutination pattern as strain 4787. Antibody for the purified fimbriae from strain 4787 was detected by ELISA in the absorbed F165 antiserum at a lower level than in the antiserum for the purified fimbrial preparation (Table  3) . Antibody for the LPS and capsule was not observed in either antiserum. DISCUSSION Examination of E. coli serogroup 0115 strains revealed four patterns of hemagglutination which indicate the presence of at least two distinct hemagglutinins. The first type of hemagglutinin, found on strains of patterns II and III, was MS and associated with a fimbria which was produced in broth but not on agar; these properties are strongly suggestive of the Fl or type I fimbria (6, 27) . antiserum demonstrates that the F165 and MR hemagglutinin are identical. The observation by electron microscopy that all of the F165-positive strains are highly fimbriated when cultivated on Minca-Is agar at 37°C but not at 15°C suggests the fimbrial nature of the F165 antigen. The purified fimbriae isolated from strain 4787 demonstrated the same hemagglutination pattern as the parent strain. In addition, this fimbrial preparation showed a positive reaction with the absorbed F165 antiserum by ELISA. These findings confirm the fimbrial nature of the hemagglutinating F165 antigen.
The pattern of hemagglutination induced by the F165-positive strains was similar to those of patterns 1 and 2 described by Duguid et al. (6) . However, these patterns differed from that of F165 in the following way. Pattern I was MRHA negative for chicken erythrocytes and MRHA positive for rabbit erythrocytes, whereas pattern 2 was MRHA negative for both chicken and human erythrocytes. The F165 pattern also resembles the hemagglutination type VI-A and VI-B patterns described by Evans et al. (11) . In the latter study, in which only human, bovine, chicken, monkey, and guinea pig erythrocytes were tested, patterns VI-A and VI-B were MRHA positive for human, chicken, and monkey erythrocytes. However, no resemblance was noted between the hemagglutination pattern of F165-positive strains and those reported for either the enterotoxigenic strains of human origin positive for F2 or F3 (CFA/I or CFA/II) (10, 11) or the bovine or porcine strains positive for F4 (20) , F5 (29, 32) , F6 (19) , or F41 (5). In addition, no similarity was observed between the F165 hemagglutination pattern and those of the F4, F5, F6, and F41-positive strains tested in our laboratory (data not shown). We also showed by agglutination, immunofluorescence, and ELISA that there is no serological relationship between the F165 antigen and the fimbrial adhesins F4, F5, F6, and F41 that have already been described in strains of porcine origin.
An important finding of our study was the relationship between the presence of F165 and the absence of production of enterotoxin among 0115 serogroup strains. In the noninvasive enterotoxigenic E. coli strains, there is a strong positive correlation between the production of enterotoxin and the presence of the fimbrial adhesins F2 (9); F3 (8); and F4, F5, or F6 (16) . Although all of the strains examined in this study were isolated from the intestinal contents of young piglets with diarrhea, strains of this serogroup have been associated previously with septicemia in calves and piglets (14, 15 tract epithelial cells in vitro (18, 22, 31) . The presence of certain MR fimbriae may also help strains of E. coli to resist phagocytosis either by protecting the bacteria from polymorphonuclear leukocyte killing (1) or because of a lack of receptors for the MR fimbriae, as opposed to MS fimbriae, on the phagocyte (2). We found that only the F165-positive strains in the 0115 serogroup are enteropathogenic and induce septicemia in newborn piglets. Thus, we are investigating at present the role of F165 in the development of this disease. 
